Introduction
Small UAVs are in the focus of attention of many researches due to its popularity and broadband applications. The deep impact has been shown by several small UAV applications both in the field of military and non-military applications. The well-organized UAV flight is reach of weather conditions evaluation however, there are many UAV users are skipping thorough analysis of weather reports leading to several emergency situations, or to a fatal consequence of the crash of the UAV. The atmospheric turbulence has two main mathematical models widely applied analysis and design of the automatic flight control systems. Deterministic gust models, such as step, or, unit step function, or, '1-cos' gust model are used to evaluate weather clearances. Turbulence models can be classified by the altitude to whom itself belonging. This article deals with low altitude atmospheric turbulence models derived for height of the flight less than 2000 ft. For small UAVs flight envelope limited by such altitudes will cover almost all possible flight scenario. The purpose of the author is to create virtual environment in the form of the computer code used in simulation of the atmospheric turbulences, namely the speed components of the random gust speed, say, g u , g v , and g deriving main and robust theoretical backgrounds for random signals and random systems [1] . D. McLean is a pioneer in modern interpretation and propagation of the analysis and design of the automatic flight control systems. In his work [2] he demonstrates both deterministic and random mathematical models of the atmospheric turbulences. After many years and decades, knowledges splitted and puzzled into many foregoing military standards (MIL-STD) were compiled and integrated into unique ones, such as demonstrated by [3] . The computer simulation of the atmospheric turbulences, theirs application in analysis and design of the automatic flight control systems outlined in references of [4, 5, 6, 7, 8, 9] . Stochastic models of the gust speed components are created using computer package MATLAB  [10] , and Control System Toolbox [11] .
3. Mathematical models of the atmospheric turbulences applied in small UAV flight simulations Using turbulent air speed components' records, the power spectral density (PSD) function was determined. The more precise form of the PSD function is named after Theodore von Kármán, and can be derived as follows below [2, 3, 4, 5, 6, 7, 8, 9] : 
For rigid-body UAV the simplest mathematical form of the PSD function defined by equation of (2) will be used in this paper. References of [1, 2, 3, 4] define PSD functions of the air speed components of the turbulent air along body axis system of the UAV in the following manner:
where
It is well-known that,
, equations of (3)- (5) may be rewritten as:
Random signals can be generated and filtered from wide-band noise generator having PSD function of ) (ω N Φ and, a linear filter must be introduced to ensure output signal PSD function of ) (ω i Φ (Figure 1.) [2, 4, 8, 9] :
If a wide-band signal generator has the unit intensity over an infinite frequency range, the signal generator is called as 'white noise' source having PSD function as given below: Substitution of eq (10) into eq (9) results in the following formula:
The linear filter transfer functions of
providing filter outputs equal to that of famous speed components of the turbulent air are given in [2, 9] to be:
Constants of equations of (12-1)-(12-3) are as listed below:
This paper addresses low altitude low speed air turbulence models let us define initial flight parameters of the small UAV being investigated to be as follows below: It is easy to see that parameters of the transfer functions of eq (12) are necessary to know to parametrize mathematical model of the linear filters, in other words, it is necessary to know turbulence scale of i L , and turbulence intensity of i σ .
References [2, 3, 8, 9] . Using equations of (21)-(22) integral scale lengths of the air turbulence were found and they are summarized in Table 1 . 
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Using equations of (17)-(20) turbulence intensities were found and they are tabulated in Table 2 . Table 1, and Table 2 , can be determined, and they are tabulated in Table 4, Table 5 , and 
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Turbulent Air Characteristics for NASA-Min
Using data tabulated in Table 4 , Table 5 , and Table 6 , transfer functions used to filter appropriate speed components of the turbulent air can be found as shown below: 
Results of the computer numerical simulation
Using filtering system introduced in Figure  1 , and using transfer functions of the linear filters defined by equations of (24)- (26) Using idea of filtering out time series of the speed component of the air turbulence along axes of the UAV body-axes coordinate system speed components were calculated using filter transfer functions of (24)-(26) [7, 8, 9] . Results of the computer simulation can be seen in Figure 3 [10, 11] . From Figure 3 it is easy to determine that in the first 10, or 15 seconds of the transient time result must be eliminated due to physics of the atmosphere [2, 3] . Figure 4 demonstrates behavior of the longitudinal speed component of ) ( u g t , simulated using data tabulated in Table 4 . The three speed components of the atmospheric turbulence can be seen in where w is the vertical speed of the UAV, q is the pitch rate of the UAV, and, finally, e δ is the elevator deflection. The UAV model given by equation (27) is a single input-multi output multivariable one. This model is reduced to that of the single input-single output one, when to take into consideration only vertical speed of w as the UAV response. Omitting pitch rate as UAV response the dynamical model can be rewritten as given below: The 'Trainer' UAV was tested for the unit step change of the elevator deflection, say )
A numerical example
. Results of the computer simulation can be seen in Figure 6 . [10, 11] . From Figure 6 it can be seen that UAV behavior is the exponential one with the steady-state value of the vertical speed of 1,2965 m/s. Regarding flight safety criteria the UAV flight is often limited by its angle-of-attack, often denoted as α (AoA). So as to avoid critical value of the AoA and to prevent UAV of stalling, it is necessary to know AoA and in case of necessity AoA must be limited to that of safe values less than critical one. For small angles it is evident that [2, 9] :
where o U is the equilibrium speed of the UAV. Results of the computer numerical simulation of the UAV AoA can be seen in Figure 8 [10, 11] . From Figure 8 it is evident that AoA has random feature, however it could not lead to critical angle-of-attack value, i.e. flight safety is ensured with equilibrium initial value of the angle-of-attack. In low altitude UAV missions it is important to know how the UAV altitude of h(t) will alter from the equilibrium height of the flight ensuring safe UAV flight. UAV altitude can be found if to integrate resulting vertical speed of res w , i.e.:
UAV altitude behavior was simulated and it can be evaluated using Figure 9 [10, 11] . From Figure 9 it is easily can be seen that there is a meaningful change in height of the UAV flight, i.e. the first five seconds of the transient results in change of UAV altitude of 6 meters, which can be a large one relative to the small height of the flight of the UAV measured from the surface of any kind.
Discussion and conclusions
Among those of all possible UAV low altitude flight regimes the most dangerous ones are take-off and landing of the UAV. Small UAVs at these low altitude flight phases are mostly controlled manually, and, if there is no on-board autopilot to eliminate weaknesses of the operator, the UAV can be crashed. Difficult flight situations are mainly caused by atmospheric turbulences. Behaviour of the low altitude atmospheric turbulences was investigated using numerical computer simulation using MATLAB computer package supplemented with Control System Toolbox. First important finding is that response of the UAV in the control channel of the 'Elevator' is mainly determined by angular deflection of the elevator, and, additional term in vertical speed of the UAV caused by vertical speed component of the turbulent air is a negligible small one.
The AoA change due to vertical wind speed was also analysed. It can be stated that 'light wind' weather conditions would not result in meaningful change of the angle-ofattack, AoA, i.e. probability to reach critical angles, or, as fatal, to stall the UAV is very low. Regarding UAV behaviour in longitudinal motion, UAV altitude will change very intensively, i.e. UAV is able to manoeuvre very rapidly, although elevator is deflected for the unit angle. If there is a need to conduct manoeuvres more rapidly, the greater elevator deflection must be introduced. This paper deals with weather clearances of the light winds. If there is a need of evaluation of the UAV behaviour in more unfriendly environment, the wind speed components must be generated for the given weather conditions. For that activity references [2, 3, 4, 6, 7, 8, 9] can be used very effectively.
